The conjunction of high resolution genetic maps based on (CA) n microsatellite markers (1) and fluorescent genotyping (2) has led to research programs which require the determination of hundreds of thousands of genotypes.
However, the migration profile of a (CA) n microsatellite marker after PCR (polymerase chain reaction) is often complicated because of slippage of Taq polymerase during PCR, and because of the ability of this polymerase to add an extra base at the end of the amplified fragments in a template dependent manner (3) . In the traces generated by a fluorescent sequencer, these phenomena generate spurious bands as shown in Figure 1 . These extra bands are usually referred to as 'shadow bands' (4) .
This complicated pattern is relatively easily recognized by an experienced eye, but may mislead the software which automatically determines the sample alleles (we use ABI 373A sequencers with 24 cm gels for the electrophoresis, and the ABI software Genescan and Genotyper for peak sizing and allele calling respectively). Because of this, the operator must check visually all the traces and the allele calls made by the software. This is time-consuming, and prone to human error after a few hundred checks.
We attempted therefore to eliminate most of the allele calling errors by eliminating the extra bases added by the Taq polymerase. We tried to do this by using Pfu polymerase either during or after PCR, or by using T4 DNA polymerase after PCR. Pfu polymerase is thermostable and possesses a proofreading activity (3) . In some cases, however, the extra base added by the Taq polymerase was not completely removed by this enzyme ( Fig. 2A  and B ). This phenomenon is probably due to competition between the extendase activity of the Taq polymerase and the exonuclease activity of the Pfu polymerase as both enzymes are active at 72_C. On the contrary, and as suggested by others (5), a T4 polymerase treatment, similar to that conventionally used to make blunt double-stranded linear DNA fragments, completely removed the bases added by the Taq polymerase (without exception so far; Fig.  2C ). The simplification of the electrophoresis pattern is sometimes spectacular (Fig. 3) . The use of Pfu polymerase alone during PCR avoids the problem of the extra base addition (3), and was used successfully in fluorescent genotyping (6) . However, PCR efficiency is lower than when using Taq polymerase, making it necessary to precipitate the samples during multiplex analysis (data not shown). On the left, we see peaks corresponding to slippage of the Taq polymerase (labelled -2 and 4), and the '+l peaks' of these 'slippage peaks'. For this marker, the normal peaks and the +l peaks have a similar height. That means that, depending on the samples, the Genotyper software will choose one peak or the other for the allele, leading to errors in the genetic data.
After having determined the optimal conditions for this treatment on a limited set of markers, we checked these conditions on a full gel comprising 12 different markers on 34 samples (one sample per lane). This represents 408 PCRs and 816 allele determinations. For this test, we compared three methods of genotype determination: automatic genotyping by the Genotyper software with samples not treated by the T4 polymerase, the same genotypes after the manual correction normally done (this was a blind test), and automatic genotyping by the Genotyper software with samples treated by the T4 polymerase after PCR. The protocol was as follows: hot-start PCR was performed with 40 ng of human genomic DNA, 0.2 µM of each primer and 2 U Taq polymerase, in 50 µ1 standard Taq buffer. Amplification was carried out by denaturing for 10 min at 94_C, and cycling 31 times with 40 s at 94_C, 30 s at 55_C, and 15 s at 72_C. The 12 markers from a given DNA sample were pooled in such a way that the signal intensity of each marker was approximately the same. Then 0.4 U T4 polymerase was added to 10 µl of this pool, and the mixture was incubated at 37_C for 30 min. Two µl were then mixed with the loading buffer, denatured and loaded onto the sequencer.
Out of the 12 markers used, four always generated the same allele sizes, with or without T4 polymerase treatment. This means that, for such markers, the Taq polymerase does not add an extra * To whom correspondence should be addressed base. One marker systematically showed allele sizes decreased by one base after T4 treatment which means that, for this marker, the Taq polymerase always adds an extra base, generating a +l base peak significantly greater than the peak corresponding to the normal allele size. In this case, the genetic data inferred from the allele calling are good since the allele size is uniformly overestimated. However, these results cannot be compared to others obtained using a different technique. For the seven other markers, either there was no change or there was a one base reduction in the allele sizes, depending on the DNA samples. Most often, for such a marker, the great majority of the DNA samples shared a common pattern: either no change or a one base reduction after T4 treatment, with DNA samples from only a few individuals (typically 1-4 out of 34) displaying a pattern different from that of this majority. These latter samples therefore represent errors in the genetic data generated by the Genotyper software, so we looked carefully at the traces to determine whether it was the samples which had been treated by the T4 polymerase or the untreated samples which had been incorrectly reported.
Out of the 408 samples analysed in this way, there were a total of 22 discrepancies between the genotypes attributed automatically by the Genotyper software on the T4 polymerase-treated and untreated samples. Among these 22 discrepancies, 21 were in favour of T4 treatment and one in favour of no T4 treatment. Indeed, this exception corresponded to a very faint signal (50-60 fluorescence units on the sequencer), which was missed in the T4 polymerase-treated sample.
By analysing the manual corrections made on the samples which were not treated by the T4 polymerase, we observed that 17 erroneous genotypes out of the 21 were corrected properly, one was simply removed, one was left unchanged, and the two others were erroneously corrected. In addition, the faint signal mentioned above (which was correctly assigned) was also erroneously corrected, as well as another sample. In total, five errors remained after manual correction.
In conclusion, we believe that the error rate in allele calling by the Genotyper software is ∼5% with samples amplified by the Taq polymerase and loaded into the sequencer without further treatment, and is lowered to ∼1% after manual correction. T4 treatment reduced this error rate to only 0.25% in our laboratory.
It should be noted that double-and single-stranded DNA are both substrates for the 3′→5′ exonuclease activity of the T4 DNA polymerase. This implies that it should be necessary to adjust the T4 polymerase concentration based on the primer concentration used.
